PLANT PIGMENTS AND RELATED COMPOUNDS             831
and chlorophyll 6, C55H7o06N4Mg. In most of the higher plants the ratio
of a to b is about 31:11; in green algae, about 31:22, and in brown
algae, about 16:1.
Both chlorophylls are amorphous and insoluble in water. It is
probable that they exist as chloroplastin, a pigment-protein complex, in
the cell and in that form make contact with the surrounding aqueous
solutions of the cell. When dissolved in alcohol, crystalline products can
be secured on concentration, although alcoholysis occurs under such a
condition and the phytyl group is split off, being replaced by a simple
alcohol radical. These facts led some of the earlier investigators astray.
The two chlorophylls differ in solubility in organic solvents. They are
soluble in alcohol, acetone, chloroform, ethyl ether, pyridine, benzene,
petroleum ether, and other fat solvents. Willstatter separated them by
partition between petroleum ether and methyl alcohol; component a
enters the petroleum ether and component 6 the methyl alcohol layer.
Chlorophyll a in solution is blue-green in transmitted light and blood
red by reflected light, while 6 is yellow-green by transmitted and brown-
ish red by reflected light. Both exhibit fluorescence.
Both a and 6 appear to be esters of a complex aliphatic alcohol,
known as "phytol" or "phytyl alcohol," whose empirical formula is
C2oBUoO. Phytol constitutes about 30 per cent of the chlorophyll
molecule.
On hydrolysis of chlorophyll a with cold dilute potassium hydroxide,
there are obtained equimolecular quantities of phytyl alcohol, methyl
alcohol, and chlorophyllin, C3iH3oN4Mg(CO)(COOH)2.
On more severe alkaline hydrolysis, several other "phyllins" are
formed by progressive stepwise removal of carbon dioxide.
On gentle treatment with alcoholic oxalic acid, the phyllins are
converted into porphyrins, which are compounds with four nitrogen
atoms and four pyrrole rings each. If chlorophyll is first treated with
acid to remove magnesium and is then treated severely with potassium
hydroxide there is obtained phylloporphyrin, CieHisN^Os, which forms
reddish crystals and is related to hematoporphyrin, a similar substance
obtained by alkaline hydrolysis of hemoglobin. This and other estab-
lished facts indicate a fairly close relationship between the two important
pigments hemoglobin and chlorophyll, as well as a possible similar origin.
When chlorophyll is treated with acid, even very dilute acid, the color
changes from green to olive-green or greenish brown. The hydrogen
of the acid replaces magnesium in the chlorophyll molecule, and a series
of products known as "phytins" are formed, their composition varying
the extent of the decomposition; chlorophyll a gives on acid
phaeopkytin a,